In recent years, as new physiological actions and functions of oligosaccharides are found, many researchers have become interested in the preparation of useful oligosaccharides. In particular, using the enzymes which have a number of advantages, the high specificity for substrate and the mildness of reaction conditions etc., the synthesis of new oligosaccharides have been expected. The /?-xylosidase from Aspergillus niger IFO 6662 has a strong transxylosyl activity, and in our previous paper we reported the isolation In this paper we describe the isolation and identification of the three novel saccharides, two xylosylmannoses, and a nonreducing xylooligosaccharide produced using D-mannose as an acceptor substrate.
Materials and Methods
Materials. /?-(l->4)-xylobiose (xylobiose) used as substrate was a gift from TowaKasei KogyoCo., Ltd. The xylan used in this experiment was a commercial hard wood xylan, "Sanpearl" supplied by the SanyoKokusaku Pulp Co. Ltd., which was a by-product from a mercerization process and insoluble in water.
Assay for P-xylosidase activity. The reaction mixture, consisting of0.5ml of0.02m phenyl /?-D-xyloside in 0.1 m acetate buffer (pH 4.4) and 0.5ml enzyme solution was incubated at 30°C for 15min. The reaction was stopped by the addition of5ml of0.55m Na2CO3and then 1.0ml of phenol reagent (1n HC1) was added to the reaction mixture and the concentration of liberated phenol was measured at 660nm.
Oneunit of enzymeactivity was defined as the amount of enzyme that liberated \ fi mol ofphenol per min under the above experimental conditions.
Transxylosyl reaction with xylobiose and D-mannose. products were estimated by the method ofTimell.6) In this procedure, a portion of the oligosaccharide is reduced with sodium borohydride and completely hydrolyzed with acid. Another portion is hydrolyzed without prior reduction and the reducing sugars in the two solutions are measured by the phenol-sulfuric acid method. The experimentally measured quotient Q of the reducing sugar content of the hydrolyzates before and after reduction will be DP/ DP-1 and thus DP=Q/Q-1.
Chromatography. Thin layer chromatography (TLC) was done on cellulose plates or silica gel plates (20 x 20 cm, E. Merck). The solvent system used was 1-butanol- pyridine-water (6 : 4 : 3, v/v/v) or acetone-water-chloroform-methanol (8 : 0.5 :
After development by three ascents with the solvent, sugars were detected by spraying with />-anisidine hydrochloric acid solution or 20% sulfuric acid in methanol and heating at 120°C or 150°C for 5min. The purification of transxylosylation products was done by preparative PPC on Toyo filter paper No. 514A (Toyo Roshi Co., Ltd.), using the solvent system of 1-butanol-pyridine-water (6 : 4 : 3, v/v/v). After development by three ascents with the solvent, sugars were detected by spraying with /?-anisidine hydrochloric acid solution and heating at 120°C for 5min.
Methylation analysis. Authentic samples and transfer reaction products were methylated by the method of Ciucanu and Kerek.7) The methylated products were hydrolyzed at 100°C for 2hr with 4% sulfuric acid or 10% TFAand the partially methylated sugars were converted into their alditol acetates after reduction with NaBH4.The resultant alditol acetates were analyzed by gas liquid chromatography (GLC)8) on a Shimadzu GC-7Agas liquid chromatograph, fitted with a flame ionization detector, using a glass column (3x1000mm) packed with 3%
ECNSS-M on Gas Chrom Q (100-200 mesh, Nippon Kuromato Kogyo), at a column temperature of 160°C. Nitrogen was used as the carrier gas at a flow rate of 50 ml/min.
Nuclear magnetic resonance spectroscopy. An1H-NMR spectrum was recorded at 200MHz with a superconduction nuclear magnetic resonance instrument AC200 (Nihon Bruker Co., Ltd.). The sample was dissolved in solution in deuterium oxide. Chemical shifts were measured relative to the signal of 3-(trimethylsilyl)propionic-2,2,3,3-dA acid, sodium salt (TSP), used as an internal standard.
Results
HPLCanalysis of transxylosyl reaction mixture of xylobiose in the presence of D-mannose by A. niger fi-xylosidase A sample of the transxylosyl reaction mixture of 2.0 g ofxylobiose in the presence of 2.0g of D-mannose with 260units of A. niger /?-xylosidase was analyzed by HPLC( Fig. 1) . At least two unknownproducts thought to be transxylosylation products were observed.
Charcoal column chromatography of transxylosylation products
The syrup (15ml) obtained from the transxylosyl reaction mixture was adsorbed and chromatographed on a charcoal column. Elution was first done with water to remove the remaining mannose and the hydrolysis product, xylose. Then the column was successively eluted with 5, 10, and 30% (v/v) ethanol.
As shown in Fig. 2 , 5% ethanol fractions were separated into three peaks (P-l, P-2, and P-3). Total recovery from charcoal column chromatography of the transxylosylation products was calculated as approximately 90%.
TLCand HPLCof transxylosylation products
Sugars contained in the main fractions of each ofP, P-l, P-2, and P-3 were separated on TLC. The results in Fig. 3 (A) showed that P-l, P-2, and P-3 all contained sugars that were supposed to be transxylosylation products. The substances corresponding to the spots with Rx values of0.53 (in P-l), 0.77, 0.70 (in P-2), and 0.84 and 0.68 (in P-3) on TLC are designated Fig. 2 . Charcoal Column Chromatography of Transxylosylation Products. The charcoal columnchromatography of transxylosylation products was done as described under Materials andMethods. Fig. 3 . Chromatograms of Transxylosylation Products by TLC and HPLC. (A) TLC was done on a cellulose plate (20 x 20 cm, E. Merck), using the solvent system of 1-butanol-pyridinewater (6 : 4 : 3, v/v/v). After development by three ascents in the solvent, reducing sugars were detected by spraying with />-anisidine hydrochloric acid solution, followed by heating at 120°C for 5 min. S, standards (XI, xylose; M, mannose; X2, /?-(l ->4)-xylobiose; X3, /Hl ->4)-xylotriose; X4, /?-(l ->4)-xylotetraose). P, 1, 2, and 3 represent P, P-l, P-2, and P-3 fractions of the charcoal chromatogram in Fig. 2 Next, the same fractions from P-l, P-2, and P-3 were analyzed with HPLC. Though only one spot was detected in P-l on TLC, two peaks were detected with HPLC( Fig. 3(B) ). The estimation of DP and specific rotation of these products are shown in Table  II . The structural analysis of the transfer products was done by methylation analysis and the results are summarized in Table III 
Discussion
This paper describes the isolation and identification of three novel transxylosylation products from xylobiose in the presence of D-mannose. Their two products were xylosylmannoses, heterooligosaccharides consisting of xylose and mannose, and the other a nonreducing xylodisaccharide. The latter was identified as O-^D-xylopyranosyl-(l -> r)-/?-Dxylopyranose according to the results of methylation analysis and^-NMRspectroscopy, etc. In our previous paper, we reported that this saccharide was produced from xylobiose only, in the absence of D-mannose by transxylosylation with A. niger /?-xylosidase. In Fig. 3 , as the transxylosylation products in this study, besides the saccharide O-4, O-5, and O-N, saccharide O-l (in P-l), O-2, and O-3 (in P-2) had also been observed on TLC. Considering that the color of the spot on TLC with/>-anisidine hydrochloric acid solution was dark yellow (Table I) /?-xylosidase has the properties described above or not. The studies on transxylosylation by purified enzyme will be reported elsewhere.
